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Sir: 

Applicant requests an automatic three-month extension of time. An extension fee 
accompanies this request. 

In reply to the Office Action mailed February 22, 2002, please amend the above- 
identified application, as follows: 


In the Claims ' 

Cancel claims 12-13 and 16-17, without prejudice of disclaimer. 
Replace claims 1-11 and 14-15 with the following substitute claims 1-11, 14-15, and 
new claims 18-19. A redline version of these claims is attached in a separate paper. 
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"T; (Amended) A method ot assaying sample DNA comprising: 

(i) separately mixing a surface treatment solution with the sample DNA and with 
control DNA to form respective mixtures, said control DNA having a known extent 
of abasic sites, 

(ii) depositing the mixtures of sample and control DNA at respective regions of an 
analysis plate to bind the sample DNA and control DNA to the plate, 

(iii) reacting abasic sites of the sample DNA and the control DNA with an aldehyde 
group-specific chemical reagent whereby to attach the reagent to abasic sites, and 

(iv) measuring the extent of abasic sites tagged with biotin after the reacting step. 

2. (Amended) The method as recited in claim 1 , comprising, prior to the depositing step, 
reacting the reagent with abasic sites of DNA of cells in culture 

3. The method as recited in claim 1 , wherein the control DNA is a depurination of calf 
thymus. 

4. (Amended) The method as recited in claim 1 , wherein the steps performed relative to 
the sample DNA and the control DNA are performed simultaneously so as to remove 
environmental or process variables. 

5 . (Amended) The method as recited in claim 1 , wherein the surfece treatment solution 
used in the mixing step comprises one of Reacti-bind and Protomine Sulphate. 

6. (Amended) The method as recited in claim 1 , wherein the aldehyde group-specific 
chemical reagent in the reacting step comprises an aldehyde reactive probe (N'- 
animooxymethylcarbonymydrazino-D-biotin). 

-p?l. (Amended) A method of quantitatively assaying damage of sample DNA having 
/ abasic sites, said method comprising theVteps of depositing on an analysis plate respective 
surface treatment solutions containing sarhple DNA and multiple control DNA specimens 
wherein each control DNA specimen has aVknown extent of abasic sites, binding residues of 
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the sample DNA and the control DNA specimens to the analysis plate by removing unbound 
DNA and excess surfade treatment solutions, tagging aldehyde groups associated with abasic 
sites of the sample and dpntrol DNA bound to the analysis plate, providing an indication of 
tagged abasic sites of theteample DNA and control DNA specimens bound to the analysis 
plate, and comparing the sVmple DNA with multiple control DNA specimens to determine 
the extent of abasic sites in the sample DNA. 

8. (Amended) A method of assaying repair capacity of a sample enzyme wherein the 
repair capacity is indicated by results of enzyme activity acting on DNA lesions that 
produces abasic sites, said method comprising: 

treating respective DNA specimens with said sample enzyme and a control enzyme to 
produce respective substrates to which a probe may attach, said DNA specimens having 
lesions and said control enzyme having a known DNA repair capacity, 

depositing on an analysis plate respective surface treatment solutions containing the 
DNA specimens, 

binding to the analysis plate residues of the DNA specimens by removing unbound 
DNA and any excess of the surface treatment solutions, 

reacting the DNA specimens with the probe thereby to tag aldehyde groups associated 
with abasic sites formed on the DNA specimens, 

providing an indication of tagged abasic sites of the respective DNA specimens 

bound to the plate, and 

comparing the indication of the DNA specimen treated with the sample enzyme with 
the indication of the DNA specimen treated with the control enzyme to determine relative 
enzyme activity levels of the sample and control enzymes, whereby to provide an indication 
of repair capacity of the sample enzyme. 

9. (Amended) The method as recited in claim 8 wherein the repair enzyme is selected 
from the group including Endonuclease III, 8-oxoguanine glycosylase [yOGGl], human 8- 
oxoguanine glycosylase [hOGGl]. 

1 0. (Amended) A method of assaying sample DNA relative to control DNA that has 
abasic sites, said method comprising: 
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(i) binding sample and control DNA to a microtiter plate by respectively mixing a 
Reacti-bind solution with sample and control DNA, and then depositing solutions containing 
the sample and control DNA on the microtiter plate, 

(ii) removing from the microtiter plate any excess Reacti-bind and unbound DNA 
using a detergent so as not to remove the bound DNA, 

(in) while bound to the plate, reacting the bound DNA with an excess amount of 
aldehyde reactive probe (ARP) reagent, 

(iv) removing the excess and unreacted ARP from the microtiter plate, 

(v) tagging the attached ARP using a biotinylated chemical agent, and 

(vi) performing analysis of the sample and control DNA attached to the plate to 
quantitatively assay by comparison of relative the extent of abasic sites in the sample DNA 
relative to the control DNA. 

1 1 . (Amended) The method as recited in claim 10, wherein the binding step includes 
binding to the analysis plate a relatively high percentage of DNA contained in a low 
concentration solution having a concentration range of 1 .0 to 10.0 micrograms of DNA per 
milliliter. ^ 

14. (Amended) A method of determining DNA repair capacity of a substrate specific 
repair enzyme comprising the steps of: 

separately subjecting DNA specimens to a control enzyme and to the substrate 
specific repair enzyme, 

tagging [the product of the] abasic sites resulting from enzyme reaction with a probe, 

binding the DNA specimens to an analysis plate by forming respective mixtures of 
the DNA specimens and a surface treatment solution, depositing the respective mixtures on 
the analysis plate, and subsequently removing any excess surface treatment solution and 
unbound DNA specimens, 

determining the extent of abasic sites in the respective DNA specimens based on the 
extent of tagging whereby to assay the effectiveness of the DNA repair enzyme relative to 
the control enzyme. 
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1 5. The method as recited in claim 14, further comprising the steps of subjecting the 
sample and control DNA to a DNA glycosylase selected from the group of endonuclease III, 
N-glycosylase 5 8-oxoguanine, alkA protein, and other broad and narrow spectrum DNA 
glycosylase. 

1 8. (New) The method of claim 1 5, wherein said surface treatment solution comprises 
Reacti-Bind. 

19. (New) The method of claim 14, wherein the subjecting and tagging steps occur after 
the binding step. 

20. (New) The method of claim 1 , wherein the reacting step occurs before the separately 
mixing step. 

REMARKS 

Applicant appreciates the examiner's thorough examination of the application, as 
reflected by the rather extensive action. 

I. Election 

Applicant affirms the election of Group I claims 1-1 1 and 14-15, which was made by 
telephone on November 5, 2001. 

II. Information Disclosure Statement 

Since it appears that the examiner has applied the most relevant art, some of which 
being identified in the present application, applicant believes filing a formal Information 
Disclosure Statement would only be superfluous. 

III. Specification 

Applicant is in the process of preparing a substitute specification to reflect editorial 
changes and to correct minor typographical errors. A new substitute specification will be 
submitted upon indication of allowable subject matter. However, in reply to the examiner's 


current objection, a substitute page 9 that deletes the embedded hyperlink is submitted 

herewith. 

IV. Priority 

The examiner has challenged applicant's claims of priority based on Provisional 
Application 60/171,309 filed December 21, 1999. The examiner "invites the applicant to 
point to support" in the Provisional Application, but applicant finds it difficult to respond 
because the examiner has failed to identify (i) which claims are purportedly unsupported by 
the Provisional Application or (ii) any specific element of any claim that purportedly is not 
supported by the Provisional Application. See 37 CFR §104(a)(2) (the examiner is required 
to provide "such information ... as may be useful in aiding the applicant" to respond to the 
action). Accordingly, applicant is unable to determine whether the objection to the priority 
claims lies with all claims, a single claim, or a single element contained in the claims. 

As to where the objection lies, a slight hint is provided in paragraph 1 1 of the 
examiner's comments where it is stated that claims 1-3 and 5-7 may be unsupported. 
Without the benefit of knowing specifics of the purportedly unsupported matter, applicant 
blindly points to the attached page 4 of the Provisional Application that sets forth 
Immobilization ofDNA to the Microtiter Plate since this aspect, among other things, is relied 
upon as a distinction over the cited and applied art. Here, it is seen that the Provisional 
Application discloses a DNA-Reacti-Bind solution being formed and then placed (and or 
incubated) in respective wells of an analysis (microtiter) plate in order to efficiently bind the 
DNA to the plate. Makrigiorgos (U.S. Pat. 6,174,680) simply discloses use of a Reacti-Bind 
coated plate, but not a mixture of DNA and in a Reacti-Bind solution, as provided in the 
amended claims. The Provisional Application advantageously provides that the solution 
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mixture enables binding of 50-400 ng of DNA in wells of the microtiter plate and the present 
application, at page 13, lines 20-12, provides that 100-360 ng of DNA may be bound. This 
contrasts with 70-100 ng of DNA bound using Kubo's process (Kubo, page 3704, col. 2). 
Makrigiorgos does not specify the any DNA is bound to a plate. 

Accordingly, at least this distinctive aspect is supported by the Provisional 
Application. Applicant reserves the right to supplement this response should the examiner 
specifically identify what is not allegedly supported. 

V. Rejection Under 35 USC §112, First Paragraph 

The examiner's rejection of claim 1 1 appears to have been predicated on a mistaken 
recital in the claim, and is therefore well taken. By the above amendment, the term 
"nanogram" has been corrected to "microgram," as supported at page 12, line 30, of the 
specification. 

VI. Rejection Under 35 USC §112, Second Paragraph 

Regarding paragraph A of the examiner's comments, applicant amended claim 1 to 
recite that the reagent is reacted with both control and the sample DNA. In addition, 
application removed the Markush language. 

Regarding paragraph B, claim 2 has been amended to correct a typographical error. 

Regarding paragraph C, the labeling step of claim 6 has been corrected to a "reacting" 

step. 

Regarding paragraph D, claim 7 has been amended to clarify that only the control 
DNA has a known extent of abasic sites. Claim 7 has been further amended to recite that the 
Elisa-like method yields an "optical indication," rather than one of absorbance, density, and 
color. 
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Regarding paragraph E, claim 8 has been amended to clarify how repair capacity is 
indicated by number of abasic sites in response to enzyme activity. 

Regarding paragraph F, the preamble has been expanded and recitals of claim 10 have 
been clarified. 

Regarding paragraph G, claim 1 1 has been amended to recite a modification of the 
binding step. Also, the language of claim 1 1 has been clarified to recited an aspect of the 
invention enabling efficient binding of DNA to a plate. 

Regarding paragraph H, the preamble and body of claim 14 has been amended to 
better recite determining repair capacity. The determining step has also been clarified. As 
known in the art, a substrate specific repair enzyme acting on DNA also produces abasic 
sites. Such sites can also be detected using the methods of the invention. If the repair 
enzyme is not effective, this is reflected in a reduced number of abasic sites after repair 
enzyme activity. This is further described at Sec. B, pp. 166-167, of the Kow and Dare 
referenced cited by the examiner. 
VII. Prior Art Rejections 

The examiner has asserted multiple prior art rejections under §§102 and 103. The 
rejection, in substantial part, stemmed from a failure on applicant's part to clearly set forth a 
crucial distinctive feature of the invention. Applicant believes the amend claims distinctively 
define the invention over the cited art. 

In particular, claim 1 recites separately mixing sample and control DNA with a 
surface treatment solution, depositing the resulting mixture on the analysis plate to bind the 
DNA, and then reaction the DNA with a probe. The surface treatment solution may 
comprise Reacti-Bind, Protomine Sulphate, or other surface treatment solution. 
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(Specification, p. 20). Applying the DNA to the analysis plate in a surface treatment solution 
enables binding a high percentage of DNA suspended in the solution, thus advantageously 
allowing one to obtain a DNA sample from a very low concentration DNA source, e.g., the 
bucca epithelium. (Specification, p. 6, line 7). Over 90% binding efficiency is achieved. 
(Provisional Appln., page 5)(Attached). None of the prior art discloses use of such a DNA 
mixture in a surfece treatment solution to achieve binding. 

Makrigiougos (U.S. Pat. 6,174,680), for example, only discloses use of Reacti-Bind 
coated analysis plate to which DNA may be bound. Kubo (Biochemistry 1992) discloses 
irradiating the analysis plate to improve binding efficiency, but does not disclose mixing 
DNA with a surfece treatment solution and depositing that solution on the plate to effect 
binding, as now recited in claim 1 . As clearly stated in Kubo, on 70-100 ng of DNA was 
bound, which contrasts with 100-360 ng of DNA achieved by the present invention. Such 
higher binding efficiency enable detecting of lower concentrations of abasic sites. 

The only cited reference disclosing a mixture of DNA and a surface treatment 
solution is Kow, which is non-statutory prior art due to its 2000 publication date. Applicant 
claims priority from his provisional application filed 1999, where at p. 4 (attached), the 
DNA-Reacti-Bind solution mixture is described. 

Claims 7, 8, and 10 are further distinguished by reciting, after depositing the solution 
containing the sample and control DNA, removing unbound DNA and/or excess surface 
treatment solution. None of the cited art meets this limitation because none uses a mixture of 
DNA and surface treatment solution to deposit DNA on an analysis plate. 

Claim 14 is distinguished because none of the art discloses a method of determining 
repair capacity of an enzyme. Use of the efficient binding process to provide an indication of 
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repair capacity was disclosed in applicant's Provisional Application (See Abstract, Attached). 
In addition, the Kow reference cannot be applied under §102(a) because it is applicants own 
work. An affidavit will be submitted to confirm this fact. 
VIII Conclusion 

Kow, in addition to being applicant's own work, is non-statutory due to its 2000 
publication date. 

None of the valid references disclose mixing DNA with a surface treatment solution, 
and binding DNA by depositing the resulting mixture on an analysis plate, and therefore, do 
not meet the limitation of the claims, as amended. 

Reconsideration is respectfully requested. 


Respectfully submitted, 



Lawrence Harbin, Reg. No. 27,644 

Mclntyre Harbin & King 

One Massachusetts Avenue, N.W., #330 

Washington, DC 20001 

(202) 408-2779 tel. (202) 408-2777 fax 
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Abstract 


Several methods for quantifying AP sites have been reported, allowing discrimination of low AP 
sites in DNA. However, some of these methods require radioactivity. Others not requiring 
radioactivity are either extremely time consuming, technique-sensitive, or cumbersome. We 
developed a rapid, simple, sensitive and cost-effective method to detect and quantify abasic sites in 
DNA by reacting an aldehyde group-specific biotinylated chemical reagent called Aldehyde 
Reactive Probe (ARP) with AP sites in DNA directly on the microtiter plate. This unique method 
obviates the need for ethanol precipitation or ultrafiltration to remove excess chemical probe from 
DNA before adding to plate, in variance to previous ARP methods. The biotin-tagged AP site was 
detected and the number determined colorimetrically using avidin-biotin-horseradish-peroxidase 
conjugate method. We used Reacti-bind DNA coating solution (Pierce Chemical, Rockford, 
Illinois, and U.S.A.) to immobilize DNA to the microtiter plate. An enhanced and consistent 
binding of DNA to microtiter plate was achieved. The assay was able to determine accurately, 
specific AP sites in calf thymus DNA generated by acid/heat depurination method, and 
spontaneously generated AP sites by incubation at physiological conditions (pH 7 and 37 C). The 
new Direct ARP assay was sensitive enough to measure 0.5 AP/10 5 bp (1 AP site/5 x 10 6 bases) in 
190 ng of double stranded DNA bound to plate. This current development is easy, rapid and 
inexpensive method to determine the number of AP sites in human genomic DNA, with possibility 
of automation for large number of samples. Moreover, when this method is N-glycosylase enzyme- 
| coupled, it could be adapted to estimate DNA repair capacity in cells and tissues using the principle 
of enzymatic processing. 
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Introduction 

The formation of abasic sites ( AP sites) resulting from the removal of purine or pyrimidine bases is 
among the most common oxidative lesions in DNA. Endogenous and exogenous processes can give 
rise to abasic sites. In humans, it was estimated that about 10 000 AP sites are produced per cell 
every day by hydrolysis of the N-glycosylic bond under physiological conditions (1). Ionizing 
radiation (2), potent carcinogens, chemical agents such as bleomycin (3) and alkylating agents (4) 
also promote the formation of AP sites. In addition, AP sites are intermediates in the base excision 
repair pathway, where damaged base is being removed by DNA N-glycosylases as the first step in 
base excision repair process (5). Deficiency in the repair pathway and increasing oxidative stress 
could contribute to increased background levels of AP sites. Since AP site lesion was shown to be 
strong block to DNA synthesis in vitro (6), AP sites accumulation could cause cell death and/or 
mutation induction (7,8). Accumulating evidence from recent studies implicate increased 
background level of oxidative DNA base damages in the pathogenesis of some human diseases, 
These include Alzheimer's disease (9), amyotrophic lateral sclerosis (10), Parkinson's disease (11), 
cataract formation, aging process (12) and some types of cancers (13,14). Cells and human tissues 
are also being screened for specific DNA damage in order to correlate the action of toxic agents 
with human diseases (15,16,17,18). 

The biological significance of AP site enumerated, stimulate interests in developing specific and 
sensitive methods to detect and quantify abasic sites in DNA. Although several methods for 
measuring AP sites have been reported, many, when sensitive enough to measure low-level AP 
sites require radioactivity (19). Others, while not requiring radioactivity are either not sensitive 
(20), or do require costly equipment, skill-sensitive and time-consuming (21,22). A previous 
method attempting a solution to these challenges used Aldehyde Reactive Probe (ARP) to tag biotin 
to the aldehyde group of AP sites in DNA (23). The ELISA-like method reported promised to be of 
advantage in its specificity, but was limited in its sensitivity. Attributable to this limitation was two 
major problems. First, there is limitation of DNA binding to the UV-irradiated microtiter plate. 
Second, there is non-specific binding of ARP to the UV-irradiated microtiter plate. These cause 
inconsistent measurement and high background noise respectively, reducing the reliability of 
measurements. Another draw back was the laborious, but important step of ethanol precipitation to 
remove excess ARP that limits the use of the assay when available DNA sample is small. The 
current development allows rapid and sensitive measurement of AP sites in DNA directly on the 
microtiter plate, obviating the need for ethanol precipitation or ultrafiltration/centrifugation. We 
describe the development of a new non-isotopic microtiter plate-based chromogenic method to 
detect ARP-tagged aldehyde-containing AP sites in DNA. Subsequently, we demonstrate the 
application of the method to detect and measure AP sites in calf thymus DNA generated by 
heat/acid-bufFer depurination (21), and spontaneously by incubation under physiological conditions 
(1,22). 

Materials and Methods 

Heat/Acid-Buffer Depurination of Calf thymus DNA. 

We purchased pure grade double stranded calf thymus DNA from Sigma Chemical Co. Specific 
number of AP sites were selectively produced in the DNA by heat/acid-bufFer treatment as 


previously reported (21). On another hand, prior to the heat/acid-buffer treatment, the DNA was 
treated with 5 mM methoxyamine for 1 h at room temperature in order to remove traces of existing 
aldehyde. The methoxyamine was then removed by ethanol precipitation and the sample re- 
suspended in sodium phosphate buffer, pH 7. The methoxyamine-treated and methoxyamine non- 
treated DNA (100 ug/mL) were then dialyzed separately in 10 mM NaH 2 P04, 100 mM NaCl and 
10 mM sodium citrate at pH 5.0 (AP-buffer). The dialyzed DNA was heated at 70 C for 50 minutes 
and the reaction stopped by chilling rapidly on ice to create 5 AP sites/10 4 bp (20). Each sample 
was dialyzed back to pH 7.5 in PBS buffer (137 mM NaCl, 2.7 mM KC1, 4.3 mM Na 2 HP0 4 .7H20, 
and 1.4 mM KH 2 P0 4 ). This was appropriately diluted with control DNA to produce 1, 2, 3 and 4 
AP sites/10 4 bp respectively. Appropriate DNA concentrations were also obtained by diluting with 
PBS buffer. To create relatively low-level AP site in methoxyamine treated DNA, 1 AP site DNA 
sample was appropriately diluted with control DNA to produce 0.1, 0.2, 0.4 and 0.8 AP site/10 4 bp 
respectively. Similarly, low-level AP site in non-treated DNA was created by appropriately diluting 
2 AP-DNA sample with control DNA, to produce 0.2, 0.4, 0.8 and 1.6 AP site/10 4 bp respectively. 

Immobilization of DNA to Microtiter Plat e 

Tn order to enhance binding of DNA to 96 well U-bottom high binding plate (Costar #3791-Costar 
corporation, Cambridge, MA), 200 uL of DNA at 1.25, 2.5, 5 and 10 ug/mL concentration were 
modified respectively with 300 uL Reacti-bind DNA coating solution (Pierce Chemical 
Corporation, Rockford, Illinois), resulting in 0.5, 1, 2, and 4 ug/mL DNA respectively after 
Reactibind modification. 100 uL of'each mixture was added to each well respectively. This implies 
that, 50, 100, 200 and 400 ng of DNA respectively were introduced to the plate. The plate was 
incubated at room temperature overnight for 16 h. Unbound DNA was removed and plate was then 
washed three times with 0.1% Tween-PBS buffer (Phosphate buffered solution containing 0.1% 
Tween 20). Subsequent steps of the assay do not detach bound DNA nor alter the bound DNA. 

The New Direct ARP Assay 

In order to trap the open chain aldehyde generated in DNA at the position of AP sites, 100 uL of 1 
mM of ARP was added to each well, and plate was incubated at room temperature for 1 h. After 
discarding contents, excess ARP in each well was removed by washing plate three times with 1% 
Tween-PBS buffer (Phosphate buffered solution containing 1% Tween 20), followed by washing 
with 0. 1 % T-PBS once. The plate was swiped and dried without desiccating. 80 uL of 1 :20 diluted 
ABC solution was then added to each well. The plate was covered with parafilm and incubated at 
37 C for 1 h and then washed with 0.1 %Tween-PBS buffer three times. When Azinobis(3- 
ethylbenzo thiazoline-6-sulfonic acid) (ABTS) was used as substrate for horseradish peroxidase 
(HRP), 120 uL of the substrate prepared according to manufacturer's instruction was added into 
each well. After incubation at room temperature for 1 h, the absorbance was measured at 405 nm. 
When 3,3,5,5-Tetramethylbenzidine (TMB) (Moss Inc., Pasadena, Maryland, U.S.A.) was used as 
substrate for horseradish peroxidase, 160 uL of the substrate solution was added to each well and 
incubated at 37 C for 30 minutes. The absorbance was then measured at 650 nm. In all ARP assays, 
signals were expressed as the change in absorbance after subtracting background readings for 
control DNA. All experimental samples were in triplicates or more, with standard deviation less 
than 10 %. 

Spontaneous Physiological Depurination of Calf Thymus DNA 
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AP sites were slowly generated in methoxyamine-treated calf thymus DNA by spontaneous 
depurination under physiological condition of pH 7.0 and incubation at 37 C for 4, 6, 8 and 10 days 
respectively. The number of abasic sites in the samples was then monitored using the present assay, 
the new direct ARP assay. 


The amo'unT of T3NA bound to plate when DNA was immobilized using reacti-bind solution was 
determined by an ultrasensitive DNA quantitative fluorescent assay (PicoGreen) following the 
manufacturer's instructions. We determined the DNA concentration in each well after allowing 
binding overnight for 16 h. The amount bound was calculated from the difference before and after 
incubation, taking note of any change in volume after incubation. More than 90 % of DNA is 
bound when modified with Reactibind. The amount of DNA bound increased with time, while an 
optimum binding was ensured by 16 h. Figure 1 shows the amount of DNA bound to plate when 
DNA was modified by Reacti-bind DNA coating solution. There is a linear relationship between 
DNA bound and DNA concentration. When 5 and 10 ug/mL DNA were incubated for 16 h, 200 ng 
and 400 ng of DNA were in each wee respectively, and about 190 ng and 360 ng of DNA were 
bound to each well respectively. This indicates a binding efficiency greater than 90% was achieved. 

AP Site determined by the New Direct ARP Assay 

Figure 2 shows the ARP signal for selectively created AP sites in methoxyamine non-treated DNA 
at specific concentrations determined by the new direct ARP assay method using ABTS as 
horseradish peroxidase substrate. ARP signal increased with increasing AP sites in DNA. There is a 
linear relationship between ARP signal and DNA concentration. The sensitivity is higher for 10 
ug/mL DNA than 5 ug/mL DNA (Table 1). At 10 ug/mL, when about 360 ng of DNA was bound in 
each well, the direct assay method was able to measure as low as 0.25 AP sites per 10 4 bp. At 5 
ug/mL 3 when 200 ng DNA was started with and about 190 ng of DNA was bound in each well, the 
direct assay was able to measure as low as 0.4 AP site/10 4 bp. 

Optimization of the New Direct ARP Assay for Low-level AP sites 

Since obtaining 10 ug/mL of DNA from biological samples may prove difficult, requiring a large 
tissue mass source which may not be available, there is need to optimize the direct assay for smaller 
DNA_concentrations. Moreover, higher sensitivity is required for determining low-level AP sites in 
DNA In order to increase the sensitivity of the direct assay method, we used 3,3,5,5- 
Tetramethylbenzidine (TMB) (Moss Inc., Pasadena, Maryland, U.S.A.) in place of ABTS as 
horseradish peroxidase substrate. Figures 3A and 3B show the ARP signal for selectively created 
AP sites in methoxyamine non-treated DNA and methoxyamine-treated DNA respectively at 
specific concentrations, determined by the new direct ARP assay method. ARP signal increased 
with increasing AP sites in both treated and non-treated DNA. Also, there is a linear relationship 
between ARP signal and DNA concentration in both. The sensitivity is higher for 10 ug/mL DNA 
than 5 ug/mL DNA. The sensitivity increased with increasing DNA concentration and exceeds 
twice that of ABTS substrate (Table 1). Taken together, by varying DNA concentrations and 
horseradish peroxidase substrate, the new direct ARP assay can quantify very low AP sites in 
DNA. 


Results 



of DNA to Plate 



REDLINE CLAIMS 

Serial No. 09/741,426 
August 22, 2002 

(Amended) A method of assaying sample DNA comprising: 

(ft se parately mixing a surface treatment solution with the s ample DNA and with 
control DNA to form respective mixtures, said control DNA having a known 
extent of abasic sites. 

f 

(ift depositing the mixtures of sample and control DNA at res pective regions of an 
analysis plate to bind the [binding to an analysis plate both] sample DNA [under 
examination] and control DNA [having known abasic sites] to the plate. 

' [(H)] 0u) reacting [the] abasic sites of the sample DNA and t he control DNA with 
an aldehyde group-specific chemical reagent [selected from a group of reagents 
including an aldehyde reactive probe (ARP) (N'- 

aminooxymethylcarbonylhydrazino-D-biotin) reagent] whereby to attach the 
[ARP] reagent to abasic sites, and 

[(iii)] (iv) [using an ELISA-like method to detect] measuring th e extent of abasic 
sites tagged with biotinafter the reacting step [wherein the ELISA-like method 
includes an avidin- biotin-complex conjugated with horseradish peroxidase or 
alkali phosphatase]. 

(Amended) The method as recited in claim 1, comprising, prior to the depositing 
step, reacting [ARP] the reagent with [AP] abasic sites of DNA of cells in culture 
[before the binding step. 


wherein the sample and control DNA are tagged or labeled separately with a the 
residue of the ARP reagent and then bound to the analysis plate for comparison]. 


3. The method as recited in claim 1 , wherein the control DNA is a depurination of 
calf thymus. 

4. (Amended) The method as recited in claim 1 , wherein the steps performed 
relative to the sample DNA and the control DNA are performed simultaneously so 
as to remove environmental or process variables [at the comparing step]. 

5. (Amended) The method as recited in claim 1 , wherein the surface treatment 
solution used in the mixing step comprises one of R eacti-bind and Protomine 
Sulphate [is used during the binding step]. 

6. (Amended) The method as recited in claim 1 , [further including a washing step 
after the binding and labeling steps] wherein the aldehyde group-specific 
chemical reagent in the reacting step comprises an aldehyde reactive probe (N'- 
aminooxvmethylcarbonvlhvdrazino-D-biotin). 

7. (Amended) A method of quantitatively assaying [DNA] damage of sample DNA 
having abasic sites, said method comprising the steps of [binding to] depositing on an 
analysis plate respective surface treatment solutions containing sample DNA and multiple 
control DNA specimens [each having of] wherein each control DN A specimen has a 
known [number] extent of abasic sites, binding residues of the s ample DNA and the 
control DNA specimens to the analysis plate bv removing unb ound DNA and excess 
surface treatment solutions, tagging aldehyde groups associated with abasic sites of the 
sample and control DNA bound to the analysis plate, [^forming an ELISA-like method 
to obtain one of absorbance, optical density, and color density] providing an indication of 
tagged abasic sites of the sample DNA and control DNA specimens bound to the analysis 
plate , and comparing the sample DNA with multiple control DNA specimens to 
determine the [number] extent of abasic sites in the sample DNA. 

8. (Amended) A method of assaying repair capacity of a sample [DNA] enzyme 
wherein the repair capacity is indicated bv results of enzym e activity acting on DNA 
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lesions that produces abasic sites, said method comprising: 

treating [sample and control] respective DNA specimens with [an] said sample 
enzyme and a control enzyme [that] to produce[s a] respective substrates to which [ARP 
attaches] a probe may attach, said DNA specimens having le sions and said control 
enzyme having a known DNA repair capacity , 

depositing on an analysis plate respective surface treatment solu tions containing 
the DNA specimens, 

binding to the analysis plate residues of the DNA specimens by removing 
unbound DNA and any excess of the surface tr eatment solutions. 

reacting the [sample and specimen] DNA specimens with [ARP] the probe 
thereby to tag [tagging] aldehyde groups associated with abasic sites [of the sample and 
control] formed on the DNA specimens, 

[performing an ELIS A-like method to obtain one of absorbance, optical density, 
and color density] providing an indication of tagged abasic sites of the [sample DNA and 
control] respective DNA specimens bound to the plate , and 

comparing [at least one of color, optical density, and absorbance of] the indication 
of the [sample] DNA specimen treated with the sample enzyme with [multiple] the 
indication of the [control] DNA specimens] treated with the control enzyme to determine 
relative enzyme activity levels of the sample and control [DNA] enzymes, whereby to 
provide an indication of repair capacity of the sample enzyme , 

9. (Amended) The method as recited in claim 8 wherein the [treating step includes 
using an] repair enzyme is selected from the group including Endonuclease III, 8- 
oxoguanine glycosylase [yOGGl], human 8-oxoguanine glycosylase [hOGGl]. 

1 0. (Amended) A method of assaying sample DNA relative to c ontrol DNA that has 
abasic sites, said method comprising: 

(i) binding sample and control DNA to [an analysis plate to] a microtiter plate 
[using] by respectively mixing a R eacti-bind solution with sample an d control DNA, and 
then depositing solutions containing the sample and control DNA on the microtiter plate 
[wherein the control DNA has a known number of abasic sites], 


(ii) removing from the microliter plate [the] any excess Reacti-bind and unbound 
DNA using a [Tween 20 buffered] detergent so as not to remove the bound DNA, 

(iii) while bound to the plate, reacting the bound DNA with an excess amount of 
aldehyde reactive probe (ARP) reagent, 

(iv) removing the excess and unreacted ARP from the [analysis] microtiter plate, 

(v) [labeling/tagging] tagging the attached ARP using a biotinylated chemical 
agent, and 

(vi) performing [a colorimetric] analysis of the sample and contro l DNA attached 
to the plate to quantitatively [assess] assay bv comparison of r elative the extent of abasic 
sites in the sample DNA relative to the control DNA [attached to the plate]. 

1 1 . (Amended) The method as recited in claim 10, [further including] wherein the 
binding step includes binding to the analysis plate a relatively high percentage of DNA 
contained in a low concentration solution [of relatively low concentration being in the] 
having a concentration range of 1 .0 to 10.0 [nanograms] micrograms of DNA per 
milliliter. 

14. (Amended) A method [for] of determining DNA repair capacity of a substrate 
specific repair enzyme comprising the steps of: 

separately subjecting [sample and control] DNA specimens to a control enzyme 
and to [a] the substrate specific repair enzyme, 

tagging [the product of the] abasic sites resulting from enzyme reaction with a 

probe . 

binding the DNA specimens to an analysis plate bv forming respective mixtures 
of the DNA specimens and a surface treatment solution, depositing th e respective 
mixtures on the analysis plate, and subsequently removing anv excess surface treatment 
solution and unbound DNA specimens , 

determining the [resulting number] extent of abasic sites [remaining on the 
analysis plate after the enzyme reaction] in the respective DNA specimens based on the 
extent of tagging whereby to assay the [ability of the cell to undergo] effectiveness of the 
DNA repair enzyme relative to the control enzyme . 


15. The method as recited in claim 14, further comprising the steps of subjecting the 
sample and control DNA to a DNA glycosylase selected from the group of endonuclease 
IE, N-glycosylase, 8-oxoguanine, alkA protein, and other broad and narrow spectrum 
DNA glycosylase. 

1 8. (New) The method of claim 1 5, wherein said surface treatment solution comprises 
Reacti-Bind. 

19. (New) The method of claim 14, wherein the subjecting and tagging steps occur 
after the binding step. 

20. (New) The method of claim 1 , wherein the reacting step occurs before the 
separately mixing step. 
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oxidative damage. The number of AP sites is quantified by measuring HRP 
chromogenic substance by an ELISA method. 


Alternatively, the sample and control DNA may be tagged or labeled 
5 separately with a biotin residue of the ARP reagent, and then bound to the 
analysis plate for comparison. That is to say, for example, a method of the 
invention may be practiced by reacting ARP with AP sites of DNA of cells in 
culture before binding the DNA to the analysis plate since ARP is selectively 
permeable to cell membranes. Once sample DNA and control DNA are tagged 
10 while in culture, they are then extracted, isolated, purified, and bound to the plate 
for further analysis in accordance with the embodiments described herein. This 
"in culture" ARP reaction provides even greater sensitivity in detecting abasic 
sites because background noise is completely removed before other steps of the 
methods even begin. 

15 

The assay method described herein provides an accurate, rapid and cost- 
effective way to count abasic (AP) sites and DNA (deoxyibrose nucleate acid) 
base modifications in genomic DNA of cells and tissues. Measurements are 
performed directly, rather than indirectly, and are performed completely on an 

20 analysis plate, such as a commercially available microtiter plate, without the need 
to remove and/or transport samples to other laboratory facilities. Once DNA 
samples are purified, an assay may be completed within a few hours using 
methods and apparatuses of the present invention. Apart from the description 
contained herein, certain aspects of the invention claimed hereby may be found in 

25 recent publications predicated on research of the inventor hereof, including 

Dojindo Newsletter Vol 2, entitled Oxidative Stress, DNA Damage and Human 
Diseases published in the year 2000 by Dojindo Molecular Technologies of 
Gaithersburg, Maryland, and Technical Manual: DNA Damage Quantification Kit 
- AP Site Counting, Dojindo Product Code AK02-12, also found at 

30 www.dojindo.com, each of which are incorporated herein by reference. 
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oxidative damage. The number of AP sites is quantified by measuring HRP 
chromogenic substance by an ELISA method. 

Alternatively, the sample and control DNA may be tagged or labeled 
separately with a biotin residue of the ARP reagent, and then bound to the 
analysis plate for comparison. That is to say, for example, a method of the 
invention may be practiced by reacting ARP with AP sites of DNA of cells in 
culture before binding the DNA to the analysis plate since ARP is selectively 
permeable to cell membranes. Once sample DNA and control DNA are tagged 
while in culture, they are then extracted, isolated, purified, and bound to the plate 
for further analysis in accordance with the embodiments described herein. This 
"in culture" ARP reaction provides even greater sensitivity in detecting abasic 
sites because background noise is completely removed before other steps of the 
methods even begin. 

The assay method described herein provides an accurate, rapid and cost- 
effective way to count abasic (AP) sites and DNA (deoxyibrose nucleate acid) 
base modifications in genomic DNA of cells and tissues. Measurements are 
performed directly, rather than indirectly, and are performed completely on an 
analysis plate, such as a commercially available microtiter plate, without the need 
to remove and/or transport samples to other laboratory facilities. Once DNA 
samples are purified, an assay may be completed within a few hours using 
methods and apparatuses of the present invention. Apart from the description 
contained herein, certain aspects of the invention claimed hereby may be found in 
recent publications predicated on research of the inventor hereof, including 
Dojindo Newsletter Vol. 2, entitled Oxidative Stress, DNA Damage and Human 


Gaithersburg, Maryland, and Technical Manual: DNA Damage Quantification Kit 
- AP Site Counting, Dojindo Product Code AK02-12, also found at 
www.dojindo.com, each of which are incorporated herein by reference. 
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